The ratio of independent random variables arises in many applied problems. The distribution of the ratio X Y is studied when X and Y are independent Normal and Rice random variables, respectively. Ratios of such random variables have extensive applications in the analysis of noises in communication systems. The exact forms of probability density function (PDF), cumulative distribution function (CDF) and the existing moments are derived in terms of several special functions. As a special case, the PDF and CDF of the ratio of independent standard Normal and Rayleigh random variables have been obtained. Tabulations of associated percentage points and a computer program for generating tabulations are also given.
Introduction
For given random variables X and Y , the distribution of the ratio X Y arises in a wide range of natural phenomena of interest, such as in engineering, hydrology, medicine, number theory, psychology, etc. More specifically, Mendelian inheritance ratios in genetics, mass to energy ratios in nuclear physics, target to control precipitation in meteorology, inventory ratios in economics are exactly of this type. The distribution of the ratio random variables (RRV) has been extensively investigated by many authors especially when X and Y are independent and belong to the same family. Various methods have been compared and reviewed by authors including Pearson (1910) , Greay (1930) , Marsaglia (1965 Marsaglia ( , 2006 and Nadarajah (2006) . Rice (1974) , Helstrom (1997) , Karagiannidis and Kotsopoulos (2001) , Salo, et al. (2006) , Withers and Nadarajah (2008) and references therein. The probability density function (PDF) of a two-parameter Normal random variable X can be written as:
where µ −∞ < < ∞ is the location parameter and 0 σ > is the scale parameter. For 0 µ = and 2 1 σ = , (1) becomes the distribution of standard Normal random variable. A well known representation for CDF of X is as
where ( ) erf ⋅ denotes the error function that is given by 
If Y has a Rice distribution with parameters ( , ) v λ , then the PDF of Y is as follows: ( ) E X , and the Rice factor K of the envelope is defined as the ratio of the signal power to the scattered power, i.e., When K goes to zero, the channel statistic follows Rayleigh distribution, whereas if K goes to infinity, the channel becomes a non-fading channel. For 0 v = , the expression (5) reduces to a Rayleigh distribution.
Notations and Preliminaries
Recall some special mathematical functions, these will be used repeatedly throughout this study. The modified Bessel function of first kind of order v , is
The generalized hypergeometric function is denoted by
The Gauss hypergeometric function and the Kummer confluent hypergeometric function are given, respectively, by
and
where
The parabolic cylinder function is 2 2 2 4
where ( , ; ) a c z Ψ represents the confluent hypergeometric function given by
The complementary error function is denoted by 
The following lemmas are of frequent use.
Lemma 1 (Equation (2.15.5.4), Prudnikov, et al., 1986) .
Lemma 2 (Equation (2.8.9.2), Prudnikov, et al., 1986 
Lemma 3 (Equation (3.462.1), Gradshteyn & Ryzhik, 2000) . For Re 0
The Ratio of Normal and Rice Random Variables
The explicit expressions for the PDF and CDF of X Y are derived in terms of the Gauss hypergeometric function. The ratio of standard Normal and Rayleigh RVs is also considered as a special case. 
The two integrals in (13) can be calculated by direct application of Lemma 3. Thus the result follows. 
where ( 
The result follows by using Lemma 2. 
K th Moments of the Ratio Random Variable
In the sequel, the independence of X and Y are used several times for computing the moments of the ratio random variable. The results obtained are expressed in terms of confluent hypergeometric functions. 
Theorem 6 Proof: Using the independency of X and Y the expected ratio can be written as
in which
By using lemma 2.1, the integral (23) 
The desired result now follows by multiplying (4) and (24).
Remark 7: Formula (21), displays the exact forms for calculating ( ) E T , which have been expressed in terms of confluent hypergeometric functions. The deltamethod can be used to approximate the first and second moments of the ratio T X Y = . In detail, by taking ( ) 
which involves confluent hypergeometric functions, but in simpler forms.
Remark 8:
The numerical computation of the obtained results in this article entails calculation of special functions, their sums and integrals, which have been tabulated and available in determinds books and computer algebra packages (see Greay, 1930; Helstrom, 1997; and Salo, et al. 2006 for more details. It is hoped that these numbers will be of use to practitioners as mentioned in the introduction. Similar tabulations could be easily derived for other values of , λ σ and p by using the sample program provided in Appendix A.
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